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'1'he developr~ nt of' t he Synchronising Devi ce .

I. The pr obl em:

The pr obl em s ubrai. t t ed VI ' S as f'oi l.ows:
In l ong- ai s t ance telegraphio traffic using aut onatLc l etter by letter
synchronised cyphe r machines, special difficulties in "for ki ng ar e en­
count e ed as the re s ult of interf erence imJ?\llses in the l i nes of com-•municat i on (LIT and especial~ iV/T) fre quent~ causing the cyphe r mach-
ines to slip oui of synchronisation oe h"feen the t r ansmitting s t ations
and the r ecedvm g stations. As the r e-setting of a cypher machine aLwaye
t akes a cer t ai n amount of time~ valuable time is lost as a r esult of
these i nt errup tions. An apparatus is therefore to be evolved whi.ch ~/ill

prevent t r.e de-synchronisation of the cypher machines and is especial~

suitable f'or use in connection with [IT.

The solution:

The exact sy nchr onis at i on of the rece~vlng cyphe r mac hi ne wi t h t he
transmitting cypher machine is achieved by ke eping the transmitting and
receiving cypher machi nes synchronised by providing each with its own
quartz-crystal controlled drive. 'ilhen traf fic comme ncus , both cypher
machines are started by an impUl s e given by the transmitt ing side.

II.

1.)

2. )

6. )

7. )

8. )

9.)

1is t hod of wor king :

The transmitting station asks the re ce~vlng station by morse trans­
nutting key whe ther it is pr epar ed to receive.
The cypher machines are then set in t he pres cribed starting posi­
tion.
~he n the r eceiving station has every t hi ng pr epared f or wor ki ng, the
receiving s t at ion asks the transmitting station t o transmit the
"synchronising s i gnal " .
The transmitting stat ion actuates the "sy nchroni s i ng s i.gne.L" and
control impulses are transmitted.
The receiving station brings its machi ne into ~he correct phase
position with the transmitting machi ne .
(a) Coarse adjustment: The r ec eiving mechanism is brought into

the correct phase position by means of a press-button control.
Lagging behind or straggling ahead are indicated by respective
glow-lamps, which fade out ~hen the correct phase position is
reached.

(b) Fine adj us t ment : By means of the same press-button control,
an ammet er ~ith its ze r o in the centre is set to "zero". The
smile phase for the control waves bet~een the transmitting sta­
tion and the r ec eiving station is thus achieved and a start can
nov be made.

The receiving station no~ asks the transmitting station by means of
the morse transnutting key: "Please send the 'advance signal'."
The transmitting station actuates the "advance signal" sw.it ch and,
after t he third of such signals, whi ch are indicated by the lightiqg
up of a glOW-lamp, puts the s t art i ng switch over.
Aft er the third lighting up of the "advance signal ll lamp, the re­
ceiving station likewise ~uts its starting switch over.
When the starting switch is put into operation at the transmitting
station and at the receiving station, the transmitting and receiv­
ing cypher machi nes are started synchronous~ by means of the trans­
nu t t i ng mechanism at the transmitting station and the receiving ·
mechanism at the r ec eiving station, ~hich are alr6a~r running syn­
chronous~. The line is thus re ady for ~orking in one direction.
To achieve a synchronised start in the other direction of traffic ,
the process is repeated, the re ceiving stat i on taking over the t r ans­
mission and the transmitting station the r ecept i on . Everv ~vn~h~~~-
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III. ~scri:etion of the cons t z-uct o.on of the Synchronised Teleprinl;or
Installation.

A.) !£ansrei~. (Fig. i)

synchronisation bet~een transnri.tter and r eceiver demands that
the teleprinter signals transmitted should stand in correct rol~tion­

ship to the current impulses fixed by the synchronisation. On the
other hand, it must at anY time be possible to transmit by hand on the
transmit~jing teleprinter, series of letters, figures or signals strung
together at wi.Ll. , This requirement is satisfied by using a double
ccf.Lcctoi-, which is loaded by the teleprin.ter impulses coming from the
te18printer (Ffi) or the automatic transmitter (AS) and IThose triggering
is controlled by the transmitter distributor (SK) by means of synchronised
CDJnS.

In p'!:'inciple, the f o'l.Lowi.ng may be said in connection w i.bh the
triggering of a~ giv3n teleprinter messag0:

If the signal is synchz-ond.sed wi ti1 the "SK", it can be triggered
straight away. If it lags behind in point of view of time, it must be
stored up until lISK" reaches its starting point again and unde rtakes the
triggering. Care muat be take n that no further signal enters the appar atus
wm.le the stored signal is being triggered. T~e i ntroduction 0 a double
collector is therefore unavod.dabLe, This double collector cons i s t s of two
sets of f i ve t elegraphic relayso

Through the s t art - s t op distributor (PK), 10 mSGC are sorted out
from t he i ndi vidual curr ent steps of the teleprinter signals transmitted
and fed alternately to collectors 1 and 2. The IlPI<Y shaft is driven on
the start-stop principle via a friction clutch. The preparation for and
the co~nencement of the triggering of the collector relays ar e effected by
"PK" and "SKII. As S00n as the first signal impUlse is stored up in t he
collector, the triggering of the collector is prepared in "U". "SK" can
t hen trigger the collector synchronous~ and pass the signals into the
cypher machine, whence they are transnutted enoyphered.

B.) Receiver. (Fig. 2)

The r ecei ver picks up the incoming signals and starts the "PK"
system, which i s driven through a friction clutch and distributes the
incoming teleprinter impUlses to the collector "A",

The synchronised distributor "SK" passes the stored .impu'Lses from
the collector synchronous~ to the cypher machine, wher e they are decyphered
and collected in the additional collector of the r eceiver.

The additional collector of the r ecei ver : if the transmitting
teleprinter (FE) is at "stop", the transmitter sends cyphe r text. On
decyphering, fi~e blank signals result. The receiving teleprinter (Fl:i!)
would not, however', remain at "stop" like the transmitting "Flig", but
would be constant~ started and stopped without, however, recording a~

signals; the impression is given that the machine is running continuous~.

The ''F}!~'' should behave exactIy the same as the llFI'1s II. It shouLd further­
mor e be possible to send two-way traffic, ioe o it must be possible to trans­
mit and receive alternatelY with one machine o The switching-over of t he
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switched to "Receive"" but as soon as consecutive blank signals arrive,
the machine is to cut out reception and be reac1y to transmit. The
decision as to whether text or blank signals are being received can,
ho~ever, on~ be made afte~ the fifth signal, as the cutting-out and
s~itching-over can on~ come into effect if all five signals are blanks.
Therefore, the signals in the reoeivar, aft~r decyphering, must once
more be collected and triggered. This task is taken over by the
auxiliary collector togethel' 'y"ri th bhe distributor liSK2 11.

c). Synchronisati on.

On the synchronising svri, tch being pat over , the transmitter sends
6 comp.Leae t3leprinter signals "ithout curr-ent and one with current. This
procedure :;.8 repeabed periodical~.

a). 92~_.l~dication (Pig o 3). T~o signa.l wi~;h current s er ves as a
coarse ina.:i.ca·~:i. ono The receiver is synchr-oni.sed u:1.t h this signal during
the sta:?:'ting period. The starting perioJ lasts -1050 msec, Th~_s period is
nec easary Ln ()~Clor to ensure that the sJuarting sw:i.tch is t urned on for
starting. T,zro gLow-Lamps serve as inclico:~()~~S and have to be extinguished by
means of uhe phase re[:;alD.tor~ whi.ch is ef' f' oobc d by "b'Lack'i.ng out " the whole
signal 1:Jy ne ans of cams 1 and 2~

b) c Fine indi()ation (r'igo 1....). The fine Lnd.i,c tion onables t ho J)ho.sca to
be aIJc;J.r a:'~oJ.y adjusted:' For the purpose 0::' me asur i ng the phase, the falling
side of the stop of ijh s: Lncomi.ng signa). is compar-ed wi.th the f D..lling side
of a signal pr-oduced j.n the receLver , whi.ch ha u been moved through 180
degrees. By alte ring the .:.l ill.es ,; voltage-p ::w.ks ar-e pr oduced which control
two saw·~tooth gener at or s , A rw :LJ.g coil meter in':J.icates the di.rect current
components between the t wo generators and this is the maasurement of the
phase dev'i at i.on bet wee n the transmit'lier and the receiver.

By switching on the "advance s Lgna.l," sVlitch, the stop signals cease
to be transmitted. The complete signal of 115 msec is now onJ.y sent out
eve~J 1050 ronec. After the advance signal lamp has been lit ur three times"
the starting switch is actuated in the transmitter and in the receiver.
Actuating the switch is only a preliminary to starting. The actual start
is ef f ec t ed by two parallel cams of 1050 and 150 msec duration.

E. ) Dri-v"e (Fig. 5).

The following is used as the ~gulating principle for the synchronised
drive: Periodic loading of a single armature transformer on its slip-rings
by means of a thYratron swite;ho The tnyratron switch is contrclled by the
quar-t z frequency of 83 1/3 Os obtained by frequency division.

To synchronise the motor, the l atter is overexcited on being S Titched
on. The excitation declines slow~~ thus causing the number of revolutions
to rise slow~~ After the nomir-al nwnber of revolutions is reached, the
modulator indicates a f requency of zero and the excitation then remains const ant .

The modulator compares the frequency of 831;3 Os derived from the
quartz with the frequency derived from the motor. Tr both agree exact~7

the value of the matched exciter current is maintained via the starting
arrangement and the excitation remains constant.

i
~.



IV. Technical Data .
j~

1. The synchronising installation is designed f or voltages of 110 - 250
volts, 50 cycles.

•The telegrap1lY code can be arranged for 7 or 7to In one direction, t here-
output is about 500,000 letters per day; vlith f'our-vchanne L work.ing, t her e­
it would thus be about 1,000}000 l etters per day for both directions.

2. yfhen workd.ng from 220 volt mains, mains voltage fluctuations in the r ange
170 - 250 volts are automatical~ smoothed out for the apparatus •

3.
fore,
fore,

4. The e n~yphering apparatus is designed so as to be capable of being removed
separately, so that it can be changed as occasion demands. For experimental
purposes , the cypher drums (which are weLl, known from normal teleprinter operation)
from the cypher-Ing at t achment of I.iessrs. LORENZ of IvlUl hausen, we re used,
The firm itself has also made attempts to improve the cypher machine , but the
experirnents Goula. not be completed owi.ng to the Viar o

50 The accu~acy of the ~uartz control is of the order of rnagnitude of
1o- 7/ seco The synchr oni.eang apparatus can run for 10 to 12 hours vlit hout
reciprocal phase compari s on, vlithout f alling out of step during that tinlS.

V. General facts in regard t o the synchro:1ising installat i on:

1. The synchronising installation can be used for two diff erent types of work.

a) As an independent Line , traff ic pas sing onl y be tween one l/T stat i on
and anot.he r ,

b) As part of a t eleprinter network, vrhen for i nstance , a ;I/ T synchronised
line is switched into a normal LIT t eleprinter net~ork. I n this
case, the synchronised line would be connected to t he TI p exchange
by means of the four-channel system.

2. The synchronising installation is to a l arge extent completely automatic
and therefore requires only- a very small staff of operators, 1 to 2 men sufficing.

3.
t i on,
being
nised

As the cypher Bachines are running constantly in the synchronising installa­
they transmit pure cypher during t he times when no teleprinter signals are
sent. peak pe r i ods or slaok periods of traffic oannot therefore be recog-
by stuc1,ying the Wi T traffic , as, the traffic is camouflaged.

4. The synchronising installation per.mits the use of a~ modulation pr oces s es
that may be desired for WiT transnussi;n. The keying relay of the synchroni s i ng
installation supplies double current.

VI. state of developm~.

As r-egards the development of "synchr'orusatd.on", at the beginning of 1945
t her e was a complete link consisting of two stations eqUipped with the usual
normal teleprinter cyphering attachment for experimental working. The link
wor-ked between the FEUERSTEIN laboratory at EBERNANNST.ADT and the experimental
post of Professor VIERLING at t~NNEBOSTEL near HJu~OVER.

During conveyance from VfENNEBOSTEL via PLANKEN/lliAGDEBURG to here, a com­
plete station (including a large number of constructional documents) Vias lost as
t he result of aerial attack on the arterial road near HERJ.';SDORFER KREUZ, so t hat
only one station is available at the moment •

.After replacing the lost apparatus and a brief, final period of experi­
mental ~orking, which has not so far been Garried out owing to lack of time, the
devel .opmerrb of lI s;ii1ohr orrl.s I).t:.. on II '70u.1.d be complete and it could then be turned



".Artifici.al SpeclJh·1 .A.J2paratus

The Problem;

The problem was to deve Lcp an appar-atus f or telephonic
encypherment whi ch could also be used. for Wi T . It is therefore essen­
tial, under all car-curnatanoe s , t h:3. t a constantly varying cypher io
available.

lis we had had no proviolJ.s exper-Ience that would help t o
s olve this problem, we decided at first to evolve Ln di.vLdua.L components
from which we could. build up an "uncr-aokabIe ' app ar-a t us , It then
occur r eQ t o us that the suggestion put fo~wa~d by H. DUITLEY of the
BELJL TELEffiONE k ;BORi.'rORIES offered c onsddez-able pr-ospecta , thi s sug­
ge s t i.on Lnvoi ved the sp.Littin::; up of the speech in 'co its individual
characterist::'cs :; which are then J~rQ..'1.smi tted by seLaote d cp..rric:::,s.
The speech i s af"iJcrw'ards artificia.1Jy r-epr oduc e d i ;.1 the r eceiver by
cont::':'olli~:g these charac t er-i std.ca , This appar a t us wouLd r.ot , of
cour-se, provide absolute encypherment, but or.Ly sc;;:-'am"'.JJing. 1. so-called
chunnel-soramb~ing, i.e. a periodic or per~w,8nt variation of the
assj.gnment of the incividual carri6l" frequc;!2cies to tihe ohar-ac tez-Ls­
tics wou.Ld also fail to pr-oduce a real enoypherment . We planned to
carry out a total encypherrnent of these charaoteristics by superimpos­
ing interference direct voltages s im~la:' t o speech in each channel,
com[~nsating these interference voltages again in the receiver.
FL'r~hermore, the aTn;?li tude modulaJeio.n of the indiv:_dL~al speech channe Ls
was to be replaced by f'z-equenoy moduLat i.on , It hac not hitherto
be en possible~ hmvever, to test these two methods. To put the~ into
e xecution would require a considB~able time for development before
they would be r eady for operational use and plans were therefore made
to obtain an adequate cypher by combining artificial speech with
another method, t ha t of "three-fold wobbu.Latang ", which is described
in another secti on. In this co~nGction, the cypher period is derived
from a telegraphic cypher which is already available.

Description of the const r uction:

1) Trans~tter. The oi r oui t oan be seen in Fig. 6. The speech fed
to the transmitter is split into 8 frequency bands of 180 - 3060 Cs
by the ban~-fiiter (Fig . 7). The 8 p~tial bands thus obtained are
amp l i f i ed to dete~mine their povrer oontent and rectified (Fig. 8);
the direct potential t hus obtained is a measure of the speech p~ver

contained in each frequency band. The 8 oarriers are next amplitude
modulated by me an s of t hese 8 direct vO~Gageo (after they have been
filtered through low-~ass filters of 30 Cs each) and passed together
to the line. The available frequency band could easily be restricted
to 300 - 2400 Cs by choosing suitable carrier frequencies, but this
woul d entail increased expenditure in building the carrier filters.
For the sake of completeness, it should be menti oned that we hav e
constructed a laboratory model v4th 15 sp eech channels, but found out
by experiment that the quality of the speech suffers only very slightly
when only 8 channels are used, if the frequency range used is the
same.

The transmission of a characteristic f or the fundamental
pitch and the periodic pitoh fluctuations of each speaker are essential
for the faithful reproduction of the speech in the receiver. During
development, the measurement of this fundamental tone caused us tremen­
dous difficulties. The ~plitudes of the fundamental tone are alw~s

subject to great fluctuations and, in some cases, are just non-existent,
c r-, +'h "",+ +nA'tT nO'U1O +fl no ~~t"'\ I'i Il ""O ~ o.~""; fl4 n'; a 1 1"r ,p."...-- .'- ~.! -- - -



The speech passes through a 180 - 660 Cs band f ilter an d a
logari thmic amplifier to the f r equency intermodulator , whi ch produces
t he f undamental tone ar t ifl cial ly by modu.La t i ng several overtones
t oge t her. The f undamen tnl t one t hus pr oduce d i s t cken t hrough a second
band-pass and a f urther smp.lifier t o a mul t i - vi brator , whi ch tre.nsf orms
t he si nus oidal a lter nating voltage s pu t into i t into r ect angular vol­
t age s of constant smpli t ude . This r ect angular volt~ge is differentia t ed
i r.. the i mpulse stage; tht: peak s thus obsa.ined, the number of '!h i ch is
proportional to t he f'r-e quency of the f'undament aL tone, are r ectified
and us~d via a 30 Os I m.-pass f or modulating t wo o&rr i er frequencies •
.A t first sight it is not a t a l l appar-ent why the modulat i on of two
c ar-r-i.e r s shou.Ld be ne ce s sary , but this is me r el y a safety me asure in
order t o ensure fun dnmcntal tone control by the r eceival' s i de in the
event of tte pos s i ble f ailure of a carrie~.
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L~ acdi t i ona l dif f i cul t y is the l ater i nclusion of a device
for svri tohin£; over' the carrier assignment to t he ::'~dividual chE'..rncter­
L s t i.c s ,

Re ce ~ver (Fig. 11 ): Th~ 10 cnrrie~ f r equenc i es coming from
t he l i ne are sepcz-a t e d by a corre sponding n umbe z- of carri er filt ers
(Fig . 12 ) and t aken to the nPi-'ropr iat e spce ch or con t rol channe l s. In
t e spe ech ch~~nels, the charar,teristi cs p~ Gduced a t the transrr~t ter

ar r cover ed by r-ect i.f'Lca t i.on and us ed f er moduIn t i.on wit h t he appro­
pr i a t e harmonics f'r-om the Lmpu .Lse or noise gene r a t or . The i mpulse
g8ner a t or (Pig . 13) s ·rves t o produce the hnrm0~io fre quencie s pre sen t
i the spee ch, whilst the nod. se oC orator (Pi g . 14- ) r-epr oduce s the
urrr oa.ced, unharrnoni,c counds of speech . The car-r-Lere nssi gne d to the
contro l chan nels DIe l ikewise r eu·i;i f i ed and us ed f a :' contr-oLl.Ln g t he
fundamen t a l pitch of the : <;.:.<,noni c gener a tor (i mpLllce ge..,era t or) . If
no direct voltage is present in t hese channe l s, the ch angeover switch
(Fig. 15) connects the noise generator to the spee ch channels, whils t
on the app earance of a direct voltage this connection is cut of f and
the harmonic gone rnt or swi tched in instead. The 8 frequencie s occur ­
ring be hi nd t he modulat or s in the speech channels arc t nken through
fi lters .s.nd switched in together and now f orm the artifi cial l y pro­
duced speech. For the p~actical worki ng of the apparatus , it i s
nece ~ sary f or bot h transmitter and r ec eiver to be provided , -i t h a
cal l-shunting devi ce f or carrying the call i mpulse. In a ddi t i on,
ther e is an indicatL~g ampl i f i er behind the input amplifier of uot h
th transmitter and the r eceiver i n order t o abIe to consr-oL t he
r equi site l evel an d set it .

sta t e of t he wor k :

The synthetic speech product i on installntion i s almost
compl ete as r egards it s metallic st~ucture. Only the meloqy trans­
mi t ter , the impulse generat or , the noise generator, the chan geover
switch, the mai ns unit and the inp ut and out p ut ampl ifier s ar e lack­
ing. Al l cop.structional data have been de t ermine d, however, f or t he
components still outstanding.
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Three-fold wobblin~.

J~J

As already mer-~oned in the r ep ort o~ artificial speech, in
cbt.s i.ni.ng en adequate cypher, another proce as was dove Loped consisting
of the combination of multi-wobbling with r.~ng irrversion and designated
as three-fold wobbl~n~ (WTV ) . The baRic process in the transmitter
(Fig. 16) is a s follows : The speech bond of .30,:)·-2400 cycles is dis­
placed in frequency in two par e Ll -e L moc.~ :'..at or.'3 (F"ig. 17) on the input
side by a sui t abl choi oe of co.:':"rier' £'!'eq:lenoies, so that after filter­
ing out the Lower- ai.de-ebands t hcr-e ere produced t-;vo adjace nt Lnvcrted
frequency b8nds posse ssing t oge~he!' twice ths 8geech- band breadth
(4200 cycles). This new band of 4200 cycles breadth is impelled to and
fro in fr ont of a ban d- f i lter of' 2'100 Cs br-c ad'th (Fig. 18) by a modu­
lator with continually varying carrier freque ncy (wobble carrier) in
s uch a way that a constantly changing portion is filtered out of t he
42~O cyc; e band i n which, however, all the frequencies or i gi na .l.l y pre sent
are still present but in a constantly changing place- ',f t er th~.s first
wobbling, the new band of 2100 Cs breadth is split by filters into t~o

half.-bands eaoh of 1050 cycles, each of which is separately and similerly
inverted ar-d wobbled as in the first stage of the total ban d. This
division into t wo ad.jacent bands each of 1050 cyc Le s frequency band
breadth, both of which are wobbl e d with dissimilar wobbl e strokes, is
t o destroy the speech texture. The two new half-bands ob~aine d after
passing through the seoond stage are agai n combined to f or m a total
band cf 2100 cycle s breadth, whi ch in t.he third stage is once again
ring-inverted and wobbl Gd. After passing through this stage, the bsnd
which is in the r ange of 13500 to 15600 cycles as a r esult of r epeat ed
modulation, is r e duced by further modulation to the ~[Jlee of 300 to
2400 cycles and passed to the line. The fixed car.rier f r equenci es ar e
produced in generators (Fig. 1)1) working on the principle of the Transi­
t ron circcit and having an ade quate frequenoy constancy. The woobl e
frequencies are pr oduce d in r eaction genez-at or-s, whose frequency control
for the final appare.tus is derived fr·orn an already avai labl e telegraph
code and is desoribed separately.

In t he r ece i ver (Fig. 20), t he same precess as in the trens­
mitter takes place in exactly the reverse order. .A de t ai.Led descriptinn
of the individual frequency transpositions is therefore s upe r f l uous .

In or der to r epr oduce the speech faithfully in the receiver,
it i s uncondi t i ona l l y necessary to synchronise the four different
wobble frequencie s (which are constantly a l t er i ng) in the transmitter
and in the receiver. The laboratory experiments so far carried out wer-e
at fir s t undertaken without synchronising equipment. For the sake of
simplicity, the respective wobble frequencies for the transmitter and
receiver were t aken from the same wobbl e generator.

Owing to the large number of modulation s occurr ing, the
hi ghest degree of performance bad to be demanded of the f i lter s employed
in orde~ t o avoid all undesirable modulation products. The occurrence
of gaps in the tot[~l frequency band of the speech, whi ch woulc1 appre­
ciably reduce the qual i t y of the speech, was avoided by a special
artificial circuit for steepening the sides.

in earlier laboratory three-fold wobbl i ng model, built by
us with filters that did not satisfy these high demands, failed to
produce speech of adequate quali t y owin g to the frequency gaps on
lr..-.~J'~7""Il "'" ... \..,,..., _ ....... _,-,..; •• ...-.. _



The f ollowing are availab l e: Fi lter s , ampli f ie r s , modula­
tors , gene r c t or-s a nd f our rneohani.ca.l wob ble genera tors f or t r-ancnri t t er'
en d r eceiver, c on strue'eGd for us e i n U :.e Labor-acor'y.

9.

For the final desien of t he "unorao kable" e.ppsra t us , it i s
intended to U3e the ar '(;if icial spee c h tran smi tter a a a preliminary to
t he thre e-fold wobb ling . i .t the i r:.::,:J' Jt of the 'iiTV t r 811 s mi t ter there
wi l l. not then be pure s pe e ch , 2,8 the 10 carrc.ez-s fr om the ar t i f i c ial
spe ech appar-a t us will be fed in here. At the W'lV r eceiver out p ut , t hen,
the se carriers wi~l be taY~en t o the artificial Eoe e ch r eceiver, whi ch
tran~'forms th n:::6 chez-e.oter-Lat i.c s i n to s,iTlt he t i c -spe ech.

f a:':' t hre e-fold wc"toli,2.8,.

For speech encyphermen t w i, th "WTV" ( :;;woh bulu t ed total
e n cy phe r ing ) , four wobble fr equencie s mas t '~' e Le d synchron ou s Iy an d
in equal pha se to the wob bl e appar-a t us a t t he br-an srni t Ung ar.d r-e oe Lv d.ng
stations. The perio di c cours e cf t he s e f'r-eq uencl.e e must rlif f er f rom
e ac h other 2.S much a s p ossi "ble and e ach wob al.e f r e qu ency mus t paso
t hroug h i 'GS envi sage d f requency r a ngd j_~.l. '.:: :." mos t d.i.s oon t in 0-0US F ay

possible. Th i s t a s k i ·s solve d in t he f Q2..lm/ing ·Nay ( F~g. 5):

1. ) The syn chror.Ls tng and :;Jhase e q:J2. :_i sut i on a t t~1G tI' 8.ns rni tt :l n g
an d rece i v i ng s t o.t i.on a i s e f f ected. by q'lE'.r t z-- ::rys taJ. oontr-o.l l.e d sy nchro­
ni s i ng, a s de ?e lope d in our l abor atory f or t e legrapni0 ency p hc r men t .

2.) ~he vrobb lc :f'.l·e quencies are produced by e Lectz-orri.o ge nerators
(e ach of wh os e os c i llat or y circuits in~lude 3 a variable condenser),

which ar e rota t ed frcm the sy~chroni sing ap para t us vi a special i n t e r ­
media te gearing and thus bring about a variation of the ~~bble fr equency
within the r ange dicta t e d by the c apac i t ance variation.

3.) By a l t e r i ng the gear i ng r atio be~leen the sy n chroni s i ng
apparatus and t he vari able c ondenser, the intermediate gearing permits
the periodic c ourse of the c apacitance vnrintion t o be altered - depending
up on the cypher signals that a r e transmitted by t he telegraphic cypher
c ontained in the synchronising appara t us .

4.) 'I'he different c ourses of the f o ur vrobbLs f'r-e quenc Le s use d
ere e f fe c ted by the f i ve impulses of whi ch e ach cypher signal consists
b eing r educe d via a c ol l ector and di s t r i but or to f our different control
impulse s for the intermediate ge ar i ng .

Description:

Re 1.): The c ontrol apparat us and t he cyphar from the t e legraphi c
synchronising apparatus can be used wi t hout a l teration f or spe e ch e ncypher ­
ment., The cypher-box with its drive is simpler, h owever , a s the c ams
re quired for t elegraphy c an be di spensed with , It is r ecommended that
it be c ombined, f'rorn the p oi n t of view of oon s s z- uc t .lon, with tho inter­
mediate ge ar s and t he collec t or-distributor. St&rting, on commencing
wor k i ng , and the control of the pha s e p os .i.t i on are , h owever, effected in
n manner different from that used i n te J.egrc.phy , a s the cypher signals
are no longer transmitted t o t he r-cpc cting s"ta "jjion. s,vnchrani sing



Re 2. ) : The usual e l ectr onic gene rator s wi t h r eact i on are employed
f or generating the wobbl e fre quencies.

Re 3.): The t ask of the intennedia te gear~1g i s t o der ive vari 2ble
n umbers of r evolutions from ~ constant number of revolutions of a high
degree of constancy in 8uch a W3Y that the Jariations are clearly
defined a ccording t o size and phase anu apply to the transmitting an d
r eceiving sides wi t h the degr ee of a ccuracy i mpar t ed by t he synchro­
nising ge ar.
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The working pri nc i pl e is a s follows : The shaft coming from
the synchronising gear carries a Gy scem of e ccent ric discs whi ch move
i m:9u1se :"od.s t o an d fro, the se i mpulse r ods bei ng const r uc t e d i n the
form 0 1:' toothed r-oda . Above the t oothed r ods are arrange d gear wheels
,nth which t he t oothed r ods c an engage , in such a way that in each
ca se on l y one t cothed r od t urns the ge ill~ whe e L, and the l at t er is a l ways
t urned in t he same direction. The eccentric m_scs have different
str okes so ' th~t , accor ding t o the identity of the t oothed r od eng aged,
the gear whceL shaf t describe s a di f fe r ent angle of r otation in one
unit of time. To the gear whee l shaft is coupled the variable condenser
of the fre quency gene ra tor, whicn therefore executes a non-continuous
r otary movement . Four dif ferent nngulE.r ve l ocitie s are provided, so
the picture pre sented by t he f ollovnn g diagram pr ovides an example of
the peri odic course of a wobbl e f re quency:

Course wi t hJut i n termediate gear
-r ~'-,- .- - --

r
~P;e que~bY s t r oke
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Diagram 22.

~c/s _~;~~~ngy_
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The detailed met hod of wor-k.irig , as shewn in Figure 22, is
a s f ollows: From t he s yn chr-om sing appar-a tus is l ed of f [l shaf t (1)
which performs half c r evolution in the unit of time dur i ng whi ch the
telegraphic cypher sends out a signal (150 msec ) . For e ach speed of
r otation of t he gear whe el shaft (2), which leads t o the variable
condenser, there is &rrnnged on t he ~haft (1) a sy s tem of t wo equal
eccen t r i c discs (3), displaced vi~-a-vis each ot he r by 180 degrees,
whi ch move the toothed impulse r ods (4) t o and fro in oppos i te direc­
tions aga i n s t the r ecovery springs. In the l eft-hand. positi on of
r e st, a brief but complete immobilisation of the t oot he d r od is
effecte d by the special shape of the e cce nt r i c discs (3). During
thi8 time an d depending upon the cypher signal, the magn et (6) is
exci te d an d, by me ans of the t wo-armed l ever (7), lifts the i mpulse
rod (4) s o t he.t the latter's t oothing engage s the geor wheel (8) on
the shaft (2). ·.s soon 8 S the adv ance movement commences, the gear
wheel (8) is ac t ua ted t oo. Simultaneously, the Fin (9) penetrates
the upper groove of the slide bar (10) and thereby holds the t oothed
r od (4) engage d with the gear whee l (8). The mngnet (6) is now ab le



This momen t i s s dmu.It ane o us ly t he be gi.'.!.ning of the brf.ef immobilisation
of the opposite -r unnin~ toothed r ods, ~ f r e s h e ngageme nt can COQe
a bout by lift i ng one of t he opp osi t e - too the d r ods, where up on the rott~y

mo t i.on of t he gecT whe e 1 will can t irm e, accor-di.ng t o t he i mpulse
Lmp ar-te d, a t the same or a t ano ther angu Lar- ve Locd,ty, The t oothe d r od
which ha s just be en engaged is s imuEaneo us l y t aken back t o the Lower­
groo Te of the s l ide b2~ , dur u lg whi c h period n o engageme n t wi t h the
gear wheel will be p oss ible. 'yhen the opp osdt e -c-unn.i.ng to othed r od is
lifte d, in orde r t o pr-even t t~le f ir st r od fr om being r ai sed a s we l l ,
the cle arance (11) i s provided on the too t hed r od and this cle ar ance
r eceive s the slide b2~ r oller on the l ever (7). For the pairs of
discs and toothe d r od s a s s i r ned t o each angulcx velocity, on l y a c ommon
lif t i ng magne t (6) wit h l ever (7) is r e quire d. On the shaft (1 ) there
ere f'our s i.mi.Lar- double sy s tems, whose a dvan ce s ere a l l different, but
mus t i~ each case be a whol e mul t i p l e of the s ame indentati on f or a l l
the t o othed r ods , so that a smooth en gagement oc c ur-s in eac h case .
Lf t er e a c h h~lf-rotati on of t he shaft (1)J only one of the falli~ magne t s
is excited, a ccording t o h ow t he c ollector-dis tri ')utor imparts the
i mpulse . Oor r-e cc Lnaer-t i.on is en s ured by a cont a o t c on trolled by a
c am on shaf t (1) .
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Re 4· ): The cypher c ontinuous ly t.r-ans mit.o s .i.g naLs whi oh are equa l
as the result of the synchrom ai.ng a t t he t r ansrni tt ir~g and r e ceiving
s tcti on s fend whi c h c on sist of f i ve LnrouLce s in a c cor-dance ','lit h t he
5-Lmit a2.';:Jhabe t. I n order t o c b t ai.n f'r om 0 18 si~nal f our snuu Lar­
ve l oc i t :' 6S di ffer i ng f rom e ach o t her f'or- con L.oIl i ng the f'o ur wobb Le
f r equ ncies , ea ch of t he f our .1:' i r st LmpuLse s ::' s c txnb i.ned wi t h the fil t h
i..p Lll se . Thus , four differ ent c ombi,n ....t i cn e LTe p rcduce d in each case :

1) +--
2) ++

To each of the f our c ombinations i s as s i gne d a ma~et of t he r espective
intermediate gea r i ng, so that , f or i n s t ance, f r om the s i gnal - - + - +
the f oll owing i mpulses are produce d :

F or the first woh hLe fre quency, i mpulse wi t h impuls e 5 - + gi ve s velocity 3)

'I " second " " " 2 II if 5 - + " 3)

" ., third " II " 3 " 5 + + " " 2)

' I " f ourth " II ' I 4 " n 5 - + 'I II -,).
'i'he se c ombination s ere ob t a i n e d in t he collector-distributor by means
of r e Iays , e- 6 , a ccording to the circuit shewn in Fig. 23· The trigger-
ing of th e signal i s e f fe c t e d by c am switc hes synchr- on ous ly driven by
the synchronising appara t us .
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Scrambljng app eratus (ie·,Ball ~.hUSTEIN).

In order to make it difficult f01' unau'thor i se d persons to
overhear c onversations, there vms ava.i.Lab.Le i.11 Ge r fim.ny an apparat us
under the name of "Lnver tez- " whf.c h r-sver-se d the natural ape ech freq­
uencies, i.e . br-anar'or-ms d high ~_n t o l ow frequencies and low into high.
Since the scz-arnbLfn .; effect of t his device was al mo s t ii1significcn t
af ter a short peri od of becoming a o c us 'tcrre d t o Lt , it had t o be
i mproved by an extended met hod.

'I 'he results of' f a ir2y long exp eriments yielded the foll-ow­
ing expez-Le nc e s : Every speech sound has, in addi,ti on t o characteris tic
fr8quen~ie s , a dynamic peculiar t o it and an oscillating process
pe Juliar t o it; in many cases, especially in regard to monosyllabic
wor ds , the presence of the dynamic and the oscillating process is
qdte sufficient to enable the WOrd to be recognised. This recogniti on
i s made par t .i cu.Lar-Iy easy when, as the result of a fixed frequency
change, the characteristic frequencies are moved into another, but
still COIDrrlOn, range.

"'1' Ln t 'de l'Tnx~n~ I n 0 cn~sl rR ;~on

be a s l ow as possible, the fo~lowin~
for the construction of a scral~lbling

thG f act that the cost had t o
extended met hod was envi s aged
device :

1.) Restricting the speech band t o be transrrutt ed t o the f requencies
of 200 ~ 1300 cycles.

2.) The addit ion of a noise of equally gz-ea t 181181 arid equal freq­
uency breadth containing, if possible, a l l the speech f requencie s .

3.) The constant mixing of the speech and noise bands in adjacent
frequencies by switching ovei -, with the sp e ch band inverted i n
addit ion .

4.) Influencing t he switching over of the speech ~namic by acce l ­
erat ing t he switching over frequency .

5.) The suppr ession of noise during pauses in speech.

6.) An addit ion, t o be provided later if necessary, which delays,
from the point of view of tirre, the acceleration referred t o in
4.) in or der t o obt ain an erfect resembling an echo.

In order t o change back at the r eceavm g end the switching
over th&t has been c~rrried out , the controlling of the swi t ching-over
is passed currently to that end in the f requency band 300 - 400 cycles,
whi ch is purposely kept free of speech frequencies for the purpo se .
As , in the case of two-wire operat i on , t wo non-synchronised controls
ar e present on t he line, eve n whe n a t hird reoeiver suitable for this
scrambling process is switched i n, eavesdropping is as a rule impossible
because no un~nbiguous control is present.

To test this appara t us by wor ki n[ it over f airly long lines, t wo
oppo si t e stations are being erected} in a f orm approaching the final
constructional design, in parallel with a purely l aboratory exp erimental
construction. The construc t ion of this apparatus is still in progress.



T~:. sp eech vol \c..ge IA m'_r..;: l":c'OJ! t il i,f;l p hone i s amp Li, ied
by a f orke d oazrLoz- i n t he j np ut a . ~J ~ .::" ..:· ie::' O f ' '~~ h(; t r -ansuri, tt :::" .

The f unc tion of J;his ap j» r a Cu.L: ~. f'

on t he ba s i s f t he a tta ne d ":!.J.01i :..' l : ..n':,'.:._ .:~ "
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b~icf\.v e xpl ained below
i a gr :::.m:

Thi 3 mnp lif i d v IJcn[;8 1;J t hen

a ) Taken via e, };l ot en tiomut m:> of' a s ui t abLe s i ze vi a a l ow-pass
t o t~l : t "J s ee ch svvi t ohe s , anJ.

b) Aft er r e c t ifi c c;. t i on , :i.3 use <;l f or c ont::-oJ.ling t he n oise ge nera­
t o,,:' a nd f or Lnf Luenci.ng t he swi t chi ng f r e quency ( l a ter , i f
··" ...·.., ::: " n ~y . v~ a t,t " ~ ' L!u l .; n (T ':'in:'e "' or' OQcpt l ,...... ,_ '-" <..J,.....~. _ ..JL....._ . ._ . l::;;) ,J •• •• ~ ..... l 'U.LJ .. v ",),1

'l'hi; n oi s e gen era t or f e e ds t he t wo n oi se swi t ch e s whic h are
i n p a Ll.e .'. \·- ,. ·:~ h t he t7,"O spe e ch swi :;che ,c; .

\.i .t h t he ob j e ::: ~' o f mov Lng t o the de sdz-e d fre que ncy bands ,
t he spe e c h fr -cquencLe a ar's conver-te d, Ln a cc ordance wi t h t he swit ch es
i n the ring 'r.oCLul a t ors, \T~ ch ~.'!e a i d of t he ";,wo c arri er f r e que ncie s of
1700 and 2700 cy cle s. H i s n ot ne c e s aacy to I E. ' d t he nois e vi a
modu.Lat or-a , f '. 3 this f'r'e quencv band in pr-oIuce d from t h s t art up t o
t: 1e bre a dt h of 2500 cycLes n0 'J 'JS S~~Y f' or- us i.ng t he Li. n ,».

For fil t r i ng o ut d lC des i.r e d modul.str'.on produc ts or f r e­
quency ands , spe e ch and no i .s r, are Led ': :i.e:. t ::8 ::.' 0 :) :' parn l l e l f i l te r s
ir. '~ e :::" te d e.:c t ho ot'.tj1l u t

t ) L :r -·p 3.SS up ''; 0 1500 cyc .Les 2) :Ga\f· ·.1? ~lSS L'.p t o 2500 c.;Tc l e s

'I'h .s swi td.t. 'c: of t h E.: f i lters .,) and ~~ ) or 2 .. 3.::J.d L:_: nr a.lway s simul­
t ana ou ely '-' IJe n or 0~_o se d ,

Et t he output of t he r 'a.Lte r-s .i s a n amp lif.i_e r and af te r that
a hi gh- p e.s s, whic h r eliabJ3 fil t ers o ut a l l t he f r eque nci e s be l~7 400
cycle s .

The f'r-e que noy mixture of 1/-00 - 2500 cycLes is then passed
t o 3r.e Li.ne yj_C. P, f o).'ke C' car- r ~.~:

'I'he c ontrol v oLca ge for swi tc..:hin g ove r is produced from the
frequenci e s of .340 and .343 cycle s p a s sed over n ring modulator and
filtere d ou t t hrough 0. Low-poas , J" two - at age amp lifi er t hat fo l lows
bring s up the ne c e s aar'y swi tohanc p ower .

Of t he t wo generat or s , t h e .34 .3 cy c l e generator is a l t e r e d,
by the i nfluence of the sp e ech in its f'r-e quency , up t o .346 cy c l e s.
The .34 0 cyc l e ge nerator r emai n s c Jnstant and is used a s the carrier
for the controlling trans mission. For t his purpose it is modulated
with t h e control frequency of 3 - 6 cy c le s t e.pped be h i nd the first
ampl ifier stag . The c ontrol freque ncy, t oge t her vi t h the speech, i s
p a s s e d t o the line vi a n f orke d carrier ar.d D. band- p e.s s of .300 - .380
cycles f i l t er bree.dth .

Of t he spe e ch, the noise and the incoming c ontrol frequency



In t he ~vo ring modulator s, the r espective frequencies, an d
particularly the speech fre quency, are put bac k into the origi na l fre­
quency band ~~ th the aid of the two carri ers of 1700 an d 2700 cycles.
In order th, t only the t vro speech f r e quencies should be audi bl e in the
r eceiver, the succe ed ing m'ntche s are onl y clo sed al ter na te l y , synchro­
~ously w2t h the transmitter and va th t he aid of the contr ol frequency
trcnmnitted, ~hen the incoming f re quency band contains the appropri ate
speech band.
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The spe ch is t hen t aken vi a an ampl i f ier , and the sub se­
quent band-pass wi th a f ilter r ange of 20u - 1300 cycles, and v i a a
f orked carrier t o t he telephone.

The control fre quency i s brc~ nhe d of f in paral~e l with the
line f orke d- carr i er and t aken, vi a the band-pass with the fi lter r ange
of 300 - 380 cycles t o the cont~ol-no~e f orke d-carrier and a l evel
r egulator, t o an ampl i fier . J.f t el' demodu.La t Lon, the control voltage of
3 - 6 cycle s i s t aken t o the swi t.cho s vi a a power amplifier.

Individual ci r cuit di agrams ar e appended of t he circuit
e Lene nt s use d, i ncluding t he swi tch, t he noi se gener a t or a rid the device
f or producing the control frequency.

-I ) The swi t ch make s use of the property possessed by CU20 cells, whi ch
hav e a r esi stance depen dent upon the directi on of t he current. l ccor d­
ing t o the polarity of the control volt age, t he cells , which ar e arranged
in a l ongitudinal circuit, either l et the current thr ou h or block it.
Two means are used t o s uppr es s the r esidual vol t age in the blocked
condition:

a ) Ii shor t - ci r cui t via the primary wi nding of t he output carrier
through CU20 cells connected in the opposi t e way , .

b) ~ bri dge connection c onsisting of a capacity and a r esistance,
f or t aking an equal ly great and oppos i te l y di re c t e d voltage t o
the output transformer.

2) The noise generator makes us e of the occ urr ence of noise in the
anode circuit by using super-regener-at f.o.r. 1\ high frequency osci l latory
circuit in the triode portion of the doubl e valve ECH 11 is firmly
ooupled with a l ow fre quency o sc illato~y oircuit in the hexoGe por t ion
by means of the connection between the triode gr id and the hex ode grid
inside the valve. The osci l l a t i on of the l ow frequency portion lies
f ar above t he highe st f r equencies present and used in the noise.
Further SU? p8rt f or the s uper regenerat i on i s a f f orded by t he inductance
of t he input transf ormer of the swi tch, which is present in both anode
circuits. The closing and openi ng of the valve is effected by an
a l t e r a t i on in the gr i d voltage through the r ectified spe ech frequencies.

3) The doubl e valve EDD 11 i s use d t o produce tho control voltage
with & frequency of 3 - 6 cycles required for the circuit. The c onnec­
tions of this double valve can be seen from the appende d individual
circuit diagram "Control voltage production". The two sep arate
gene rator s of .340 and 343-346 cycles have the f amiliar 3-point
circuit; only the dual use of the 340 cycle generat or as the carrier
frequency f or the 3 - 6 cycle s and a s t he carrier f or transmitting
the control frequency are shewn in detail, t ogether with the influenc­
ing of the frequency of 343 cycles by the displacement of the grid
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Frequency p I cn :

Noi.se

200 - 1300 cyclss 200 - 2500 cycle s

1'0 t he; f' C'U!..' out p ut f iltiJ :~'2

1500 - ~C0 0yc la s 1600 - (2500 ) cyoles

1.f' t e r rnod uIa t i on wiJ:;h 2700 e ve Lea

250C - 14 0 cYG18s 200 - 1500 cycl es

400 - 2~:;() cycle 8:.1)1\18 "(;:1 ; r-or ..:~ .L · '-'::' Zr <.I ·h1(; .~.7 ).!j.J + 3 - 6 eyc Le s ,


